To detect the expression of HSP25 in rat dental follicles both in vivo and vitro, and explore the underlying mechanism of HSP25 on the proliferation and differentiation of rat dental follicle cells (DFCs). 
Introduction
The dental follicle, a loose connective tissue sac which wraps the enamel organ, not only develops into the alveolar bone proper, periodontal ligament and cementum, but also is indispensable for tooth eruption. Recently, extensive studies have been carried out on the dual roles of dental follicles.
As a multi-directional differentiation tissue, the dental follicle has been investigated mostly for its cementum/bone developmental potential. It was reported that vascular endothelial growth factor (VEGF), dexamethasone/insulin, bone morphogenetic protein 2 (BMP2) and bone morphogenetic protein 7 (BMP7) can promote cementoblast/osteoblast differentiation of DFCs (Zhao et al., 2002; Morsczeck et al., 2005; Chen et al., 2007; Kémoun et al., 2007) . In tooth eruption, cytokines such as colony-stimulating factor 1 (CSF-1) and its receptor, interleukin-1 (IL-1) and its receptor, endothelial growth factor (EGF), monocyte chemoattractant protein 1 (MCP-1) and nuclear factor-κB (NF-κB) were noted for their involvement in the dental follicle, in which they combine to form a complicated tooth eruption network system (Lin et al., 1996; Wise et al., 1997; Xu et al., 1998; Que et al., 1998; Grier et al., 1998; Que et al., 1999; Gu et al., 2003) .
HSP25 (a homologue of human HSP27) belongs to small HSP families and functions as a molecular chaperone, apoptosis suppressor, actin polymerization inhibitor and actin dynamics modulator (Lavoie et al., 1993; Jakob et al., 1993; Mehlen et al., 1996; Gorman et al., 2005) . The occurrence of this protein has been widely demonstrated in various tissues, such as muscle, nerve, cartilage, skin and tooth (Otsuka et al., 2001; Armstrong et al., 2001; Shimada et al., 2003; Escobedo et al., 2004; Duverger et al., 2005) . Recently, its critical role in tissue development has been emphasised. It has been suggested that this protein functions as a chaperone in reinforcement of the cytoskeleton under stressful conditions during odontogenesis. It was reported that HSP25 acted as a switch between cell proliferation and differentiation during tooth development. HSP25 was slightly expressed in pre-ameloblasts and preodontoblasts, but extremely upgraded in mature ameloblasts and odontoblasts (Nakasone et al., 2006a; Nakasone et al., 2006b) . The protein was also used as a useful marker for the differentiation of the odontoblasts while detecting pulpal responses to laser and cavity preparation (Suzuki et al., 2004; Kawagishi et al., 2006) . The role of HSP25 in signal transduction of osteoblasts has also been studied widely (Kozawa et al., 2001; Hatakeyama et al., 2002; Tokuda et al., 2002; Takai et al., 2006) . Though HSP25 was strongly suspected to be a marker protein in tooth development, limited information about its expression in DFCs is available. There have been no studies of the direct contribution of HSP25 to either cell proliferation or differentiation in ameloblast or odontoblast cells. To determine the significance of HSP25 to DFCs, the present study aimed to detect HSP25 in the dental follicles of rat first mandible molars from days 1 to 11, as well as in DFCs cultured in vitro. Moreover, different concentrations of recombinant murine HSP25 were applied to the cultured DFCs in vitro to explore the direct effects of HSP25 on the proliferation and alkaline phosphatase (ALP) activity of DFCs.
Materials and methods

Immunohistochemistry of HSP25 expression in dental follicles
Rat mandibles including the first molar were dissected from postnatal Sprague-Dawley rats on days 1, 3, 5, 7, 9 and 11 (provided by the animal research centre of Sun Yat-sen University), instantly placed in 4% paraformaldehyde, fixed at 4℃ for 24 hours, then transferred to 5% methanoic acid at 4℃ for 3 to 5 days. Following gradient alcoholic dehydration and paraffin imbedding, they were cut sagittally into paraffin sections each of 5 µm thickness. For the immunohistochemistry procedure, the Strept Avidin Biotin-peroxidase Complex (SABC) technique was used with the anti-HSP25 polyclonal antibody (Stressgen, USA) for comparing differential expression in those sections. The immunostained sections were counter-stained with hematoxylin. For the immunohistochemical control group, anti-HSP25 was replaced by phosphate buffered solution (PBS). The immuno-stained sections did not show any specific immunoreaction.
Cell culture and immunofluorescence assay of HSP25 in vitro
Dental follicles were isolated gently from the mandibular first molars of the 6-7-day old rats under a dissecting microscope. The purified DFCs were collected by way of improved explant culture. The cell culture protocol has been described previously . For the immunofluorescence assay, DFCs were detached using 0.125% trypsin solution, then resuspended in culture medium and transferred to 24-well plates with coverslips. Coverslips were washed three times with PBS and fixed in 4% paraformaldehyde for 20 minutes at room temperature. DFCs were permeabilized using 0.03% Triton X-100 for 10 minutes, then washed three times with PBS and incubated in 1% BSA for 20 minutes. After blocking unspecific binding of antibodies with PBS for 30 minutes, DFCs were incubated with anti-HSP25 in PBS overnight, washed three times with PBS, incubated with secondary goat anti-rabbit antibody conjugated with Rhodamine (Chmicon, USA) for 60 minutes, then finally washed with PBS and sealed. The coverslips were viewed using a fluorescent microscope.
was diluted to give solutions of 0, 1, 10, 50 and 100 ng/mL. 5×5 pools in three 96-well plates were prepared, and each was inoculated with 10,000 cells in 200 µL media, then incubated overnight for cell attachment. The medium was discarded and replaced with each of the concentrations of HSP25. On each of days 1, 2 and 3, 20 µL MTT were added to each pool of one plate and cocultured with DFCs for 4 hours. Medium was drained off and substituted with 150 µL dimethyl sulfoxide (DMSO), before the plates were placed on a shaking table for 10 minutes. Each plate was analysed at a wavelength 490 nm using a spectrophotometer. The protocol was repeated three times and the optical density (OD) was analyzed by One Way ANOVA using statistical software SPSS 12.0.
Flow cytometry of cell cycle
Two culture flasks were inoculated with approximately identical amounts of DFCs. One was incubated with HSP25 at 100 ng/mL for three days, and the other was incubated with PBS as a control. Cells were harvested using 0.125% trypsin and stored as single cell suspensions in 70% alcohol at 4℃ overnight. These fixed cells were collected and washed twice with PBS, resuspended in PBS with added Ribonuclease A (RNase A) stock solution, then stained with propidium iodide (PI) prior to being incubated for 3 hours at 4℃. Finally, the stored samples were analysed using flow cytometry. This procedure was repeated three times and the cell cycle was analysed using the Chi-square Test of SPSS 12.0.
ALP activity assay of DFCs
The cell preparation procedure was identical to that of the MTT assay, except that the culture time was extended to 9 days. DFCs were washed twice with PBS and permeabilized using 0.03% Triton X-100 at 4℃ overnight before being placed on a shaking bed for 10 minutes. Afterwards, 200 µL ALP reactive substrate (Zhongsheng, China) was mixed with the DFCs for 30 minutes, prior to being terminated by NaOH at 0.2 mol/L. The 96-well plate was analysed using a spectrophotometer at a wavelength of 410 nm. All of the experiments were repeated three times, and the results were analyzed by One Way ANOVA using SPSS12.0.
Results
Immunohistochemistry of HSP25 on dental follicle in rat mandible first molar
On day 1, the tooth germ was in the bud stage and neither enamel nor dentin had formed. HSP25 was negative on the dental follicle, as well as on the pre-ameoloblast and dental papilla cells, which were stained with amethyst ( Figure 1A ). By day 3, although thin enamel and dentin had formed, there was still no expression of HSP25 on DFCs ( Figure  1B) . By day 5, DFCs, ameloblasts and odontoblasts were all stained a light brown color, indicating the start of weak HSP25 immunoreactivity ( Figure 1C ). By day 7, the brown stain of HSP25 on dental follicles still showed, but did not seem to be any stronger than on day 5 ( Figure 1D ). From days 9 to 11, intense HSP25-immunoreactivity on DFCs could be seen, suggesting consistently positive HSP 25 expression. However, the HSP25 immunoreactivity of ameloblasts and odontoblasts was similar when compared to previous stages ( Figures 1E and 1F ). There was no expression of HSP25 on tooth germ in the control group ( Figure  1G ). We concluded that the immunoreactivity of HSP25 seemed to be up-regulated in a timedependent manner during the development of dental follicles. In addition, we captured the image of matured alveolar bone proper, which also showed positive HSP25 immunoreactivity ( Figure 1H ).
Location of HSP25 in rat DFCs in vitro
We successfully obtained purified rat DFCs by way of improved explant culture in vitro ( Figure  2A ). The immunofluorescence assay revealed HSP25 as a yellow fluorescent stain, which could be seen exclusively in the cytoplasm of DFCs ( Figure 2B ).
Effect of HSP25 on cell proliferation analysed by MTT assay and flow cytometry
When we directly viewed the ODs aligned in Figure 1 HSP25 on dental follicle in rat mandible first molar and alveolar bone proper (×400) (A): HSP25 was negative on dental follicle, dental papilla and pre-ameloblasts on day 1, while the tooth germ was in its bud stage.
(B): Enamel and dentin formed, whereas HSP25 was still absent on day 3. (C): A weak expression of HSP25 started almost simultaneously on denatal follicle, ameloblasts and odontoblasts. (D): The positive immunoreactivity of HSP25 on dental follicle still existed on day 7.
(E): HSP25 expression increased on dental follicle but showed little obvious change in ameloblasts and odontoblasts on day 9. (F): HSP25 stain was still strong on day 11. (G): HSP25 stain was negative in all tissues from the control group. (H): HSP25 was also positive on alveolar bone proper. DP: dental papilla; DF: dental follicle (red arrows) D: dentin; E: enamel; SR: stellate reticulum; AB: ameloblast; PAB: pre-ameloblast; OB: odontoblast. the table, there seemed to be a down-regulation in a time-dependent manner. No potent dose-dependent effect could be observed. One Way ANOVA results showed no significant effect occurred when the DFCs were stimulated by different concentrations of HSP25 on days 1, 2 and 3, in spite of analysis of both time and concentration (P>0.05) (Table 1) . However, we summarized the data collected from flow cytometry to calculate average percentages of cell cycles, and then applied a Chi-square Test. We saw no change in the proliferative index (PrI) after the DFCs were stimulated by the highest concentration of HSP25 on day 3 (P>0.05) (Figure 3 , Table 2 ).
Effect of HSP25 on ALP activity of DFCs
When DFCs were stimulated by HSP25 for 9 days, ODs rose in a concentration-dependent manner. Using One Way ANOVA, we found that HSP25 at 50 ng/mL could increase the ALP activity of DFCs when compared with the ODs of the control group and those of a low concentration group of 1 ng/mL (P<0.05) . HSP25 at 100 ng/mL contributed to a higher ALP activity than 0, 1 or 10 ng/mL (P<0.05). However, there was no significant difference between DFCs stimulated by HSP25 at 50 ng/mL or 100 ng/mL (P>0.05) ( Table 3 ). Proliferative index (PrI, percentage of proliferative cells), showed a similar trend between the two groups on day 3. 
±
The concentration of HSP25 seemed to be positively correlated with ALP activity of DFCs. Statistical results showed HSP25 at 50 ng/mL and 100 ng/mL increased the ALP activity of DFCs more than the other concentrations. HSP25 at 50 ng/mL and 100 ng/mL had a similar effect on ALP activity on day 9. *: P<0.05 when compared to 0 ng/mL, **: P<0.05 when compared to 1 ng/mL, ***: P<0.05 when compared to 10 ng/mL.
Discussion
Tooth eruption is the consequence of balancing osteoclastogenesis and osteogenesis (Wise et al., 2000) . Mononuclear and osteoclast formation initiate at day 3 postnatally in the rat molar . Highly-expressed molecules, such as CSF-1, EGF, MCP-1 and NF-КB, have all been proven significant in the ostoclastogenesis process during eruption (Lin et al., 1996; Grier et al., 1998; Que et al., 1998; Que et al., 1999) . However, relatively few in vivo studies have been carried out on the role of those molecules in osteogenesis during eruption. The gene expression of osteoprotegerin (OPG) reduced in the dental follicle of the first mandibular molar of the rat at day 3 postnatally, then expressed consistently up to day 10 ( Wise et al., 2000) . In fact, there have been many studies which have concentrated on the important molecules promoting the differentiation of dental follicle cells in vitro (Zhao et al., 2002; Morsczeck et al., 2005; Chen et al., 2007; Kémoun et al., 2007) . With the concerns above, detection methods both in vivo and vitro were included in the present study. The study demonstrated that HSP25 was absent on days 1 and 3, but was upgraded from day 5 and sustained till day 11. Thus, HSP25, like OPG, may be involved in the osteogenesis process during eruption. Recently, the switch role of HSP25 in odontogenesis and amelogenesis has been studied in detail, but there is some uncertainty about its role in periodontal tissue formation (Nakasone et al., 2006a; Nakasone et al., 2006b) . Under the light microscope, cells in periodontal ligaments started to express HSP25 on the rat maxillary first molar from day 14 to day 28 (Onishi et al., 2002 ). An examination of HSP25 during much earlier stages in the present study found no HSP25 showing till days 5 and 7 in rat dental follicles. Actually, 6-7-day old rats were selected for DFC culture in vitro as dental follicles were hardly differentiated at that stage (Wise et al., 1992) . We may infer that expression of HSP25 in periodontal tissue will also be sustained from days 5-7 to 28. If this is confirmed, it may be concluded that HSP25 shows a weak immunoreactivity in undifferentiated DFCs, followed by consistent expression in differentiated DFCs, which also suggests a switch role of HSP25 in periodontal tissue development similar to that found in odontogenesis and amelogenesis.
In vitro, we detected unstressed cultured DFCs by indirect immunofluorescence, and HSP25 was observed located in the cytoplasm, which is in line with previous research (van de Klundert et al., 1998; Gorman et al., 2005; Battersby et al., 2007) . HSP25 exists as a high molecular weight oligomer in the cytoplasm of unstressed cells (Lambert et al., 1999) . In response to stress, HSP25 will translocate in two ways: ①The cytosolic pool of this protein migrates to the nucleus to combine with the denatured proteins, and may function in protecting the cell from being killed. ②HSP25 linked to F-actin bundles, enhances the resistance to cytoskeleton-damaging insults (Bryantsev et al., 2002) . We may expect that HSP25 will protect DFCs against outside stress in similar ways.
Most studies suggest that HSP25 might inhibit cell proliferation and promote cell differentiation, proving the switch role of this protein. HSP25 was upgraded during the differentiation of embryonal carcinoma (EC) cells, ameloblasts and odontoblasts (Stahl et al., 1992; Nakasone et al., 2006a; Nakasone et al., 2006b) . Moreover, the level of HSP25 increased after the peak of proliferation in rat acinar cells, whereas it decreased following differentiation. Both proliferative cells and differentiated cells showed negative HSP25-immunoreactivity (Takahashi-Horiuchi et al., 2008) . In contrast, other studies showed that HSP25 was expressed in undifferentiated EC and embryonic stem (ES) cells, but suddenly decreased when those cells became differentiated (Battersby et al., 2007; Davidson et al., 2008) . To further elucidate the role of this protein, we used murine recombined HSP25 to stimulate the DFCs directly for MTT and flow cytometry assays. From the results of the MTT assay, most concentrations gave similar results except the group at 100 ng/mL which seemed to have higher cell proliferation. However, the differences were not statistically significant, therefore, we chose the highest concentrations for flow cytometry. Equally, no obvious difference in cell proliferation could be found from this analysis. We therefore conclude that no effect could be found on cell proliferation when DFCs were stimulated by HSP25, but cell differentiation could be shown to be enhanced by analyzing the ALP activity index. Despite the disparity among the results mentioned, it could still be concluded that HSP25 contributes to cell proliferation and differentiation, as the results were probably affected by cell lines and experimental methods.
ALP activity has been widely used to analyze the cementoblast/osteoblast differentiation of DFCs. In vitro, ALP activity of DFCs became elevated after stimulation by VEGF, BMP2 and BMP7 (Chen et al., 2007; Kémoun et al., 2007) . A recent study reported that heat stress not only induced HSP25 but also promoted ALP activity in cultured dental pulp cells (Lee et al., 2008) . Similarly, in the present study, murine recombinant HSP25 directly enhanced the ALP activity of DFCs, in accordance with results from other studies that indicated that HSP25 could be induced in osteoblasts via protein kinase C (PKC), mitogen-activated protein kinases (MAPK), and phosphatidylinositol 3-kinase (PI3K) /protein kinase B (Akt) (Kozawa et al., 2001; Tokuda et al., 2002; Hatakeyama et al., 2002; Takai et al., 2006) . Moreover, PKC gene elevation may be critical to OPG regulation in DFCs (Wise et al., 2003) , and VEGF, BMP2 and BMP7 may lead DFCs to a cementoblast/osteoblast pathway through MAPK involvement (Chen et al., 2007; Kémoun et al., 2007) . Thus, in the future, we will investigate further whether HSP25 regulates ALP activity through PKC, MAPK or the PI3K/Akt pathway.
